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Description 



VARIABLE COIVIPRESSION RATIO 
CONNECTING ROD FOR INTERNAL 

COIVIBUSTION ENGINE 

Background of Invention 
[0001] Field of the Invention 

[0002] jhe present invention relates to a connecting rod for a re- 
ciprocating internal combustion engine in which the ef- 
fective length of the connecting rod may be controllably 
varied so as to change the compression ratio of the en- 
gine. 

[0003] Disclosure Information 

[0004] Students of thermodynamics understand that, in general, 

higher compression ratios yield higher thermal efficiency 
for piston-type internal combustion engines. Unfortu- 
nately, with premixed charge engines, most commonly 
sold in the form of spark-ignited engines operated on 
gasoline, higher compression ratios may cause problems 



arising from pre-ignition. Tliis problem may be exacer- 
bated, moreover, wlien an engine is turbocliarged or su- 
per-cliarged. Tlierefore, it would be desirable to have an 
engine which can normally be operated at a higher com- 
pression ratio at most operating conditions, so as to yield 
maximum fuel economy, while still allowing operation at 
lower compression ratio at the highest power conditions. 
This would allow the engine to produce maximum power 
without knock or preignition. The inventor of the present 
connecting rod has provided a unique solution to prob- 
lems associated with known variable compression ratio 
arrangements. Such arrangements as pistons with variable 
compression height, typically developed by BICERI, as well 
as a variable plethora of other mechanical devices all suf- 
fer from problems relating to controllability, inadequate 
time response, excessive weight, excessive complexity, 
and other issues. The present connecting rod solves the 
problems associated with prior compression ratio control- 
ling devices by using a mechanism which starts with a 
four-bar linkage extending between the large and small 
ends of the connecting rod and which utilizes inertia 
forces to obtain the required compression ratio changes, 
while employing a locking mechanism which need only 



withstand the buckling forces imposed upon the four-bar 
linl< mechanism to maintain the connecting rod at the se- 
lected compression ratio. 
Summary of Invention 

[0005] A variable compression ratio connecting rod for an inter- 
nal combustion engine includes a large end adapted for 
attachment to a crankshaft and a small end adapted for 
attachment to a piston. An adjustable four-bar system 
extends between and links the large end and the small 
end so as to permit the length of the connecting rod to be 
adjusted. The four-bar system preferably comprises a pri- 
mary link extending between the large end and the small 
end, with the primary link pivotably attached to the large 
end, and an adjustable toggle link having a first end piv- 
otably attached to the primary link and a second end piv- 
otably attached to an eccentric journaled within the large 
end. The rotational position of the eccentric determines 
the length, or more properly, the effective length of the 
connecting rod. 

[0006] According to another aspect of the present invention, the 
eccentric housed within the large end of the rod is selec- 
tively positionable in a plurality of rotational positions, 
with each such position corresponding to a different con- 



necting rod effective length, and hence, a range of com- 
pression ratios for the engine. 
[0007] jhe position of the eccentric is controlled by a latching 
device mounted within the large end of the connecting 
rod, with the latching device being controllable so as to 
rotationally lock the eccentric. The latching device may 
comprise at least one lock pin mounted within the large 
end of the connecting rod, with the lock pin being con- 
trollably extendable into registry with at least one aper- 
ture formed in the adjustable toggle link, so as to rota- 
tionally lock the eccentric. The latching device preferably 
comprises a plurality of lock pins mounted within the 
large end, with the lock pins being controllably extend- 
able into registry with a plurality of apertures formed in 
the adjustable toggle link, so as to selectively lock the ec- 
centric into one of a plurality of rotational positions, with 
each of the rotational positions corresponding to a unique 
compression ratio. In a preferred embodiment, each of the 
lock pins comprises a double-acting hydraulic plunger 
having a pin end, with the plunger being housed within a 
cartridge which is itself mounted in the large end of the 
connecting rod, with the plunger being acted upon by 
both a spring force and a hydraulic force extending the 



pin and hydraulic force alone for retracting the pin. 

[0008] According to another aspect of the present invention, 
each of the apertures engaged by the lock pins housed 
within the cartridges comprises a generally circular bore 
having a initial engagement portion, with the initial en- 
gagement portion having a non-circular configuration ex- 
tending about and beyond the generally circular bore. 
This guide region promotes initial engagement of the pin 
and effectively "funnels"t he locking pin into its final 
seated position in a bore or aperture extending into one 
portion of the adjustable toggle link. 

[0009] According to another aspect of the present invention, a 

latching device associated with a variable compression ra- 
tio connecting rod is actuated by engine lubricating oil 
supplied by passages formed in a crankshaft to which the 
connecting rod is attached. In this regard, U.S. Patent 
6,408,804, which is assigned to the assignee of the 
present invention, is hereby incorporated by reference 
into this specification. 

[0010] According to another aspect of the present invention, a 

method for adjusting the length of a variable compression 
ratio internal combustion engine connecting rod includes 
the steps of determining a desired compression ratio state 



for the connecting rod and detecting tlie contemporane- 
ous compression ratio state of tlie connecting rod and in 
tlie event that the detected state is not the desired state, 
unlocking a latch positioned between the large end of the 
connecting rod and an adjustable toggle link extending 
between a primary link of the connecting rod and an ec- 
centric journaled within the large end, so as to allow iner- 
tia forces acting upon the connecting rod to cause the 
toggle link to change the rotational position of the eccen- 
tric, which causes the rotational position of the primary 
link with respect to the large end of the rod to change, 
thereby changing the effective length of the connecting 
rod, and finally, re-locking the latch so as to maintain the 
connecting rod at the adjusted length. The present 
method also includes detecting the contemporaneous 
compression ratio state of the connecting rod following an 
adjustment of the connecting rod length. 

[0011] It is an advantage of the present connecting rod that an 
engine compression ratio may be changed in a robust 
manner so as to provide superior control of the compres- 
sion ratio of the engine. 

[0012] It js a further advantage of the present invention that the 

present connecting rod allows provision of a variable 



compression ratio witli less weiglit and less complexity as 

compared with prior art mechanisms. 
[0013] It is a further advantage of the present invention that the 

present adjustable connecting rod allows rapid changing 

of the compression ratio. 
[0014] Other advantages, as well as objects and features of the 

present invention, will become apparent to the reader of 

this specification. 
Brief Description of Drawings 

[0015] Figure 1 is an exploded perspective view of a connecting 

rod according to the present invention. 

[0016] Figures 2-9 show the locations of an eccentric forming 

part of the four-bar link incorporated in a connecting rod 
according to the present invention, as the eccentric is ro- 
tated into various positions corresponding to changes in 
the rod"' effective length, and hence the compression ratio 
produced by the present connecting rod. 

[0017] Figure 10 is a partial exploded perspective showing lock- 
ing pins in a connecting rod according to the present in- 
vention. 

[0018] Figure 11 is a perspective view showing locking pins 

mounted in the large end of a connecting rod according to 
the present invention. 



[0019] Figure 12 is a perspective view partially broken away 
showing with particularity oil passages according to an 
aspect of the present invention. 

[0020] Figure 13 shows an alternative embodiment of an eccen- 
tric and associated bushings according to the present in- 
vention. 

[0021] Figure 14 illustrates a high compression link and associ- 
ated hardware according to one aspect of the present in- 
vention. 

[0022] Figure 15 shows a pair of connecting rods mounted side 

by side on a crank pin of an engine crankshaft while in a 
low compression ratio position. 

[0023] Figure 16 shows the pair of connecting rods of Fig. 15 in a 

high compression ratio position. 

[0024] Figure 17 illustrates a flowchart of a method according to 
one aspect of the present invention. 

[0025] Figure 18 shows a unitary toggle link according to one as- 
pect of the present invention. 

[0026] Figure 19 shows a toggle link manufactured by cracking 

pre-machined parts according to one aspect of the 

present invention. 
Detailed Description 



[0027] As shown in Fig. 1, connecting rod 10 according to the 



present invention lias large end 22 adapted for attach- 
ment to the crankshaft (not shown) of an engine, and 
small end 32 having a wrist pin bore 34 for attaching con- 
necting rod 10 to an engine piston (not shown). Connect- 
ing rod cap 24 and screws 26 maintain connecting rod 10 
in contact with a crankshaft Journal in conventional fash- 
ion. 

[0028] Primary link 38 extends between small end 32 and large 
end 22. One end of primary link 38 is integral with small 
end 32, and the other end 42 comprises a fork with two 
bores 44 which accept pin 50 so as to allow primary link 
38 to be pivotably attached to large end 22. Primary link 
38 comprises one part of a four-bar link system extend- 
ing between small end 32 and large end 22. The second 
portion of the four-bar link is comprised by an adjustable 
toggle link which is formed by low compression link 56 
and high compression link 76. Beginning now with low 
compression link 56 it is seen from Figs. 1 and 14 that 
link 56 has a primary link engaging bore 58 which allows 
pivotal mounting upon pivot 46 which is mounted within 
primary link 38. This allows the adjustable toggle link to 
be pivotably attached to primary link 38. The second end 
of low compression link 56 has a bore 62 which permits 



mounting upon eccentric 92 wliicli is lioused witliin large 
end 22 of connecting rod 10. Eccentric 92 is mounted 
witliin a bore 96 formed in large end 22. 
[0029] As shown in the various figures, large end 22 has two 

bores, 102 and 104, which comprise low compression 
lock pin bore 102 and high compression lock pin bore 
104. Figures 10, 11 and 12 show details of the lock pin 
bores and lock pins. Continuing with Fig. 12, passage 124 
is the high compression lock pin passage. Thus, oil arising 
from a passage in the crankshaft (not shown) and coming 
through a drilling in the crank Journal at the edge of the 
bearing insert within large end 22 will proceed through 
passage 124 and into bores 104 and 102. Pressurized oil 
from passage 124 will cause the lock pin housed within 
bore 102 to be retracted, while at the same time the lock 
pin housed within bore 104 will be extended, so as to en- 
gage high compression link 76 (Fig. 1). As with low com- 
pression link 56, high compression link 76 is pivotably at- 
tached to pivot post 46 on primary link 38 and is also piv- 
otably attached to eccentric 94, which is housed within 
bore 96 in large end 22. Screws 86 and 98 serve to mount 
high compression link 76 to low compression link 56. 
Screw 98 serves to attach the two eccentric halves 92 and 



94. 

[0030] Details of the lock pin construction are shown in Fig. 10. 
Thus, each cartridge 110 has a housing 112 which con- 
tains plunger 114 and having an end 115 comprising a 
pin. Each plunger is backed by a spring 116 and held in 
place by a retainer 118 within housing 112. Cartridges 
110 are mounted within bores 102 and 104 as shown in 
Fig. 11. Oil passing through passage 124 (Figure 12) 
causes plunger 114 within the cartridge mounted in bore 
104 to extend from the housing 112. This extension is 
aided by spring 116. Pin 115 on the end of plunger 114 
will extend into a lock pin aperture formed in high com- 
pression link 76. Details of lock pin aperture 64 formed in 
low compression link 56 are shown in Figs. 1 and 14. 
These details are mimicked by the aperture formed in 
high compression link 76. As shown in Figs. 1 and 14, 
lock pin aperture 64 is a generally cylindrical bore having 
a guide region 66 formed as a partially relieved region 
around a portion of lock pin aperture 64. Thus, when lock 
pins 115 are extended from cartridges 110, the lock pins 
will first extend into the relieved area of guide region 66 
and then, in essence , "funnel" into bore 64. 

[0031] Oil entering passage 126 (Figure 12) causes the lock pin 



115 housed within cartridge 110 mounted within bore 
102 to be extended into aperture 64 formed in low com- 
pression linl< 56, thereby causing connecting rod 10 to 
assume its shorter, or low compression, position. Con- 
versely, when the pin extending from bore 104 is en- 
gaged, connecting rod 10 will be locked in a longer, or 
higher, compression position. As noted above, low com- 
pression link 56 and high compression link 76 comprise a 
second portion of the four-bar link system. A third por- 
tion of the four-bar link is comprised by a portion of ec- 
centrics 92 and 94. This portion is shown with particular- 
ity in Figs. 2 through 9 inclusive, in which the rotation of 
eccentric 94 is shown with particularity. Thus, in Fig. 2, 
connecting rod 10 is in a maximum compression configu- 
ration and eccentric 94 is shown as being positioned so as 
to define a triangular geometry between points the cen- 
ters of pivot post 46, pin 50, and bore 96. In Fig. 3, the 
four-bar feature of the present inventive connecting rod is 
clearly shown, with the first link extending from center A 
of pin 46, and the second link extending from center A to 
center B of eccentric 94. The third link extends from cen- 
ter B to center C of bore 96, and the fourth link extends 
from center C to center D of pin 50. Those skilled in the 



art will appreciate in view of this disclosure that a plurality 
of compression ratios may be accommodated by locking 
eccentric 94 in different rotational positions. 
[0032] When connecting rod 10 is in the configuration shown in 

Figs. 2 and 6, lock pins 115 extending from cartridges 
110 housed within bores 102 and 104 need only resist the 
buckling forces imposed on connecting rod 10 by the mo- 
tion of the rod within the engine. Thus, the forces which 
lock pins 115 need to accommodate are greatly reduced, 
compared with what would otherwise be the case. How- 
ever, when lock pins 115 are withdrawn so as to allow 
change in the compression ratio, inertia forces cause the 
side motion of connecting rod 10 to buckle the four-bar 
link, and the action of the linkage will then cause rotation 
of eccentric 94 as shown in Figs. 3 5, until the alternate 
compression ratio configuration is achieved, as at Fig. 6, 
at which point the lock pin 115 housed within the car- 
tridge within bore 102 will be locked to low compression 
link 56. 

[0033] Fig. 17 illustrates a method according to the present in- 
vention for controlling an adjustable variable compression 
ratio connecting rod according to the present invention. 
The routine starts at 200 and moves 202 wherein the de- 



sired compression ratio state is determined. Tliose sl<illed 
in the art will appreciate in view of this disclosure that a 
variety of engine operating parameters may be used in a 
calculus to determine the desired compression ratio state. 
For example, the compression ratio may be lowered if the 
engine output is suddenly increased and a blower such as 
a supercharger or turbocharger is switched on. Similarly, 
the compression ratio may be lowered if engine knock is 
encountered. Conversely, compression ratio may be in- 
creased if the engine load is light such as at idle or part 
throttle. These details are beyond the scope of this inven- 
tion. What is important is that the desired compression 
ratio state is determined at block 202. Thereafter, at block 
204, the routine checks the current compression ratio 
state. This may be done by means of sensing as will be 
explained later in this specification. At block 206, the 
controller, which in this case preferably comprises an en- 
gine controller known to those skilled in the art and sug- 
gested by this disclosure, determines whether the desired 
state and the current state are the same. In other words, 
the controller determines whether the current state 
matches the desired state. If the answer is "Yes" at block 
206, the routine cycles back to 202 and continues. How- 



ever, if the answer is "No" at blocl< 206, tlie latcli device 
(sucli as pins 115 located witliin cartridges 110) is un- 
locl<ed at blocl< 208 and at blocl< 210, tlie inertia forces 
are allowed to move the rod to the adjusted desired 
length. Thereafter, at block 212, the latch devices relock 
and the routine continues at block 214. 
[0034] Figs. 15 and 16 show two connecting rods mounted in a 
configuration which is typical for a V-block engine. The 
connecting rods are shown in Fig. 15 as being in the low 
compression ratio setting; Fig. 16 shows the high com- 
pression ratio setting. Sensor 140 is a proximity sensor, 
such as a Hall Effect sensor, which creates a pulse as the 
connecting rods sweep past the sensor. When connecting 
rods 10 are in a high compression mode, the length of the 
pulse will be longer, than when the connecting rods are in 
the low compression mode. An engine controller (not 
shown) need only mark the crankshaft positions when the 
Hall Effect pulse begins and ends to determine the com- 
pression ratio state of the engine. And, this is true 
whether the Hall Effect sensor is determining the com- 
pression ratio state of either one or two connecting rods. 
For engines with a single connecting rod on each crank 
pin, the pulse phase, rather than the pulse length, will be 



determined with reference to tlie cranl<sliaft position to 
determine wlietlier tlie connecting rod is in tlie liigli or 
low compression ratio state. 

[0035] Fig. 13 shows a alternative embodiment for eccentric 132 

in which the eccentric comprises a single piece having two 
collars 134 applied thereon to accept the high and low 
compression links. 

[0036] Figs. 18 and 19 illustrate additional alternative embodi- 
ments for the toggle link. In Fig. 18, link 300 is of unitary 
construction. This necessitates that access bore 302 be 
provided to allow machining of the lock pin guide regions, 
such as guide region 66 (Fig. 14). 

[0037] jhe toggle link depicted in Fig. 19 is formed initially as a 

unitary preform. After machining, the opposing sides of 
the perform are cracked apart with the aid of cracking 
notches 316. Bore 312 allows passage of a fastener to 
permit the separated halves to be mounted upon eccentric 
94. 

[0038] Although the present invention has been described in 
connection with particular embodiments thereof, it is to 
be understood that various modifications, alterations, and 
adaptations may be made by those skilled in the art with- 
out departing from the spirit and scope of the invention 



set forth in the following claims. 



